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Abstract
The lattice and radiation conductivity of ZrO2-Y2O3 thermal barrier coatings was evaluated using a
laser heat flux approach. A diffusion model has been established to correlate the coating apparent thermal
conductivity to the lattice and radiation conductivity. The radiation conductivity component can be
expressed as a function of temperature, coating material scattering, and absorption properties. High
temperature scattering and absorption of the coating systems can be also derived based on the testing
results using the modeling approach. A comparison has been made for the gray and nongray coating
models in the plasma-sprayed thermal barrier coatings. The model prediction is found to have a good
agreement with experimental observations.
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Revolutionary Ceramic Coatings Greatly
Impact Gas Turbine Engine Technology
— Ceramic thermal and environmental barrier coating system development
goals
- Meet engine temperature and performance requirements
- Ensure long-term durability
- Improve technology readiness
- Develop design tools and lifing methodologies
— Crucial for envisioned supersonic vehicles: reduced engine emission,
improved efficiency and long-term supersonic cruise durability
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Revolutionary Ceramic Coatings Impact Gas
Turbine Engine Technology
(Continued)
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National Aeronautics and Space Administration 	 ZOObjectives
• Evaluate thermal conductivity and thermal radiation resistance of
ceramic coatings at high temperatures (2700 to 3200 °F), under
realistically thermal gradient conditions
• Facilitate the development advanced thermal and environmental
barrier coatings
• Improve understanding of the coating thermal radiation performance
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NASA Steady-State Laser Heat-Flux Approach for
Ceramic Coating Thermal Conductivity Measurements
— A uniform laser (wavelength 10.6 µm) power distribution achieved using integrating
lens combined with lens/specimen rotation
— The ceramic surface and substrate temperatures measured by 8 µm and two-color
pyrometers and/or by an embedded miniature thermocouple
— Thermal conductivity measured at 5 sec intervals in real time
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Ceramic Coating Thermal Conductivity Measurement
Approach by the Laser High-Heat-Flux Testing
kceramic(t) = qthru ⋅ lceramic /ΔTceramic(t) 	 Where
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Thermal Conductivity of Fully Dense Oxides
— The radiation conductivity component evaluated
— Significant conductivity increase due to increased radiation at high
temperatures especially under thermal gradients
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Thermal Conductivity of Fully Dense Oxides
(Continued)
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Evaluation of Lattice and Radiation Thermal
Conductivity of TEBC Systems at High Temperatures
— ZrO2-8wt%Y2O3/BSAS/mullite+20wt%BSAS/Si coating on SiC/SiC CIVIC substrate
— Conductivity determined by a steady-state laser heat-flux technique
— Coating surface radiation can contribute 5 to 15% total heat transfer at 1650 °C
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Radiative Diffusion Models
- The diffusion conduction equations
dT 16σ ⋅ n 2⋅ T we  dT _r 	 16σ ⋅ n 2⋅T dT
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Radiative Diffusion Models for Nongray Materials	 ^'r
- The diffusion conduction models established for nongray coating materials
- The diffusion conduction equations
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Evaluation of Lattice and Radiation Thermal	 0Conductivity of 3000 °F Coating Systems
- Freestanding coatings and gray layer radiative diffusion assumption models
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Scattering Component of Plasma-Sprayed
Coating Systems
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Radiation Conductivity Component of
Ceramic Materials
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Evaluation of Radiation Flux Resistance of
Oxide Coating Systems
— Preliminary results showed doped HfO2 coatings had better radiation
resistance
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Concluding Remarks
• Laser heat-flux approach established for radiation thermal
conductivity measurements and advanced coating development
• Lattice and radiation conductivity determined for dense materials
and coatings
• The diffusion conduction models established for gray and nongray
coating materials
• Scattering and absorption determined for coatings under realistic
thermal gradients at high temperatures
• Advanced coatings promising in reducing radiation conductivity
www.nasa.gov 15
NASA/TM—2010-215670
	 9
REPORT DOCUMENTATION PAGE 	 Form ApprovedOMB No. 0704-0188
The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this
burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302.
Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB
control number.
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.
1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
01-02-2010 Technical Memorandum
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
The Lattice and Thermal Radiation Conductivity of Thermal Barrier Coatings: Models and
Experiments 5b. GRANT NUMBER
5c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER
Zhu, Dongming; Spuckler, Charles, M.
5e. TASK NUMBER
5f. WORK UNIT NUMBER
WBS 984754.02.07.03.16.03
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
National Aeronautics and Space Administration REPORT NUMBER
John H. Glenn Research Center at Lewis Field E-17012
Cleveland, Ohio 44135-3191
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITOR'S
National Aeronautics and Space Administration ACRONYM(S)
Washington, DC 20546-0001 NASA
11. SPONSORING/MONITORING
REPORT NUMBER
NASA/TM-2010-215670
12. DISTRIBUTION/AVAILABILITY STATEMENT
Unclassified-Unlimited
Subject Categories: 23, 24, and 27
Available electronically at http://gltrs.grc.nasa.gov
This publication is available from the NASA Center for AeroSpace Information, 443-757-5802
13. SUPPLEMENTARY NOTES
14. ABSTRACT
The lattice and radiation conductivity of ZrO2-Y2O3 thermal barrier coatings was evaluated using a laser heat flux approach. A diffusion
model has been established to correlate the coating apparent thermal conductivity to the lattice and radiation conductivity. The radiation
conductivity component can be expressed as a function of temperature, coating material scattering, and absorption properties. High
temperature scattering and absorption of the coating systems can be also derived based on the testing results using the modeling approach. A
comparison has been made for the gray and nongray coating models in the plasma-sprayed thermal barrier coatings. The model prediction is
found to have a good agreement with experimental observations.
15. SUBJECT TERMS
Thermal conductivity; Coatings; Scattering; Absorption; Absorbents; Thermal radiation; Oxides
16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
ABSTRACT OF
PAGES
STI Help Desk (email:help@sti.nasa.gov)
a. REPORT b. ABSTRACT c. THIS 19b. TELEPHONE NUMBER (include area code)
U U PAGE UU 15 443-757-5802
U
Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39-18


